Introduction
Atrial fibrillation (AF) usually occurs in patients with an increased vascular risk profile [1] . AF is called idiopathic AF (iAF) when meticulous phenotyping does not identify any concomitant (cardiovascular) disease. Therefore, these patients are most suitable to study early forms of this arrhythmia without the interference of associated disease [2] .
In a recent report, Lind et al. [3] used the OlinkProseek Multiplex Cardiovascular I kit to identify blood markers associated with incident AF in two large-scale population studies. They concluded that N-terminal pro-B-type natriuretic peptide (NT-proBNP), Fibroblast growth factor 23 (FGF23), Fatty acid-binding protein 4 (FABP4), growth differentiation factor 15 (GDF-15), and Interleukin 6 (IL6) are determinants of incident AF, with NT-pro-BNP and FGF-23 remaining significant determinants upon correction for associated cardiovascular diseases. However, as these individuals were recruited from population studies, there were relatively high rates of hypertension and of history of stroke, myocardial infarction and heart failure.
In the study reported here, we used the OlinkProseek Multiplex Cardiovascular I kit to identify markers associated with the presence of AF in otherwise healthy patients, enabling identification of markers associated with AF rather than with underlying vascular disease.
Material and Methods
Of all consecutive patients who underwent cardiac computed tomography angiography (CTA) in the Maastricht University Medical Center between January 2008 and March 2011, all iAF patients were selected (n=115), and all age (±1 year), sex and PRO-CAM cardiovascular risk score-matched(±2%) [4] patients in permanent sinus rhythm (n=275) were selected as described previously [5] . All patients underwent CTA to detect subclinical coronary artery disease (sCAD). Out of these patients, EDTA-plasma was available for analysis in 180 patients (60 iAF, 120 SR). All patients were in sinus rhythm during blood sampling, which was performed after an overnight fast, at the day of CTA. The study was approved by the Institutional Review Board, all participants gave written informed consent. The data that support the findings of this study are available from the corresponding author upon reasonable request.
Idiopathic AF was defined as the absence of hypertension (antihypertensive drug use, or systolic blood pressure ≥140 mm Hg, or diastolic blood pressure ≥90 mm Hg, or left ventricular hypertrophy [interventricular septum width >10 mm, posterior wall width >10 mm]), diabetes (fasting blood glucose >7.0 mmol/L), or hypercholesterolemia (total fasting cholesterol >7.0 mmol/L). In addition, none of the patients had a history of coronary artery disease, renal dysfunction, chronic heart failure, stroke, malignancy, thyroid disease or pulmonary disease, or evidence of structural cardiovascular disease on echocardiogram, including valvular heart disease (< grade 1).
In all blood samples, the OlinkProseek Multiplex Cardiovascular I kit (Olink Proteomics, Uppsala, Sweden) was used to measure proteins in EDTA plasma by real timePolymerase Chain Reaction [6] . Due to a low call rate (valid measurement in <85% of patients), Interleukin 4 (IL4), Natriuretic Peptides B (BNP), and Melusin (ITGB1BP2) were not included in further analyses. Values which were below the Limit of Detection (LOD) were replaced by the LOD value (http://www.olink.com/data-you-can-trust/validation/). Ten patients were not included in further analyses based on a large number of values below LOD (valid measurement for <85% of the proteins). The data from the panels were normalised to the median of 0 for each protein. , and categorical variables as number of patients and percentage. All biomarkers were tested for an association with iAF using logistic regression, adjusting for age, sex (following the biomarker panel's instructions) and the presence of CT-angiographic sCAD. All significant biomarkers, age, sex and sCAD were included in multivariable logistic regression. Results were checked for collinearity and interaction among covariates, which were not found. Manual backwards elimination, retaining age, sex and sCAD was used to construct the final models (retention level set at p<0.10). Odds ratios and 95% confidence intervals were calculated. Overall, p<0.05 was considered significant. The first author had full access to all the data in the study and takes responsibility for its integrity and the data analysis.
Results
As patients originate from a matched case control study, age (54.3±9.3 vs 54.1±10.3), sex (30.0% vs 31.7% women) and blood pressure (systolic blood pressure 126±9mmHg vs 126±12mmHg, diastolic blood pressure 80±10mmHg vs 78±10mmHg) did not differ significantly between patients with sinus rhythm and idiopathic AF. Echocardiographic parameters did not differ significantly (left atrial diameter 37±4mm vs 39±5mm, interventricular septum thickness 8.8±1.1mm vs 8.6±0.7mm, posterior wall thickness 8.7±1.1mm vs 8.5±0.6mm, and left ventricular ejection fraction 61 [4] % vs 62 [5] % respectively). The prevalence of sCAD was higher in the iAF group (36.5% vs 46.0%), while statin use was comparable (10.6% vs 11.7%). Full baseline characteristics and imaging parameters were reported earlier [5, 7] .
The age, sex and sCAD adjusted odds ratios of the 89 biomarkers and their 95% confidence interval (95%CI) are shown in Supplemental [ Figure 1 ]. The mean expression of these 9 biomarkers is shown in [ Figure 2 ]. There were no significant differences in the levels of the other biomarkers between iAF and controls. Multivariable analysis showed that both CA-125 and NTproBNP, adjusted for age, sex and sCAD, are associated with a history of iAF (OR for CA-125 2.25 (1.27-3.99), p=0.005 and NTproBNP 1.79 (1.22-2.62), p=0.002). NT-proBNP and CA-125 do not correlate with each other (r=-0.09, p=0.27). [ Figure 3 ] shows the prevalence of iAF in tertiles of the CA-125 (21.7%, 28.6% and 35.0%; p=0.27) and NT-proBNP levels (19.3%, 26.2% and 39.7%; p=0.04). The highest prevalence of iAF can be found in patients with levels of both CA-125 and NT-proBNP in the highest tertile (50.0%), with an intermediate prevalence in patients with either CA-125 (30.0%) or NT-proBNP (37.2%) in the highest tertile and the Featured Review elevated NT-proBNP blood levels are a marker of (remote) episodes of paroxysmal AF even in the absence of concomitant vascular disease.
CA-125 is in current clinical use in the follow-up of ovarian cancer, but the value of CA-125 as a biomarker in cardiology is still to be determined [10] . CA-125 has before been linked -in small studies -to new-onset AF in patients with recompensated acute heart failure [11] as well as in post-menopausal women [12] , but not yet to prevalent AF in a healthy population. There may be three possible explanations for the association between CA-125 and AF. Firstly, as CA-125 positively correlates with TNF-α, IL-6, IL-10 [13] and IL-1β [14] , it may be hypothesized to be a marker of the presence of underlying low-grade inflammation in this study population. Secondly: CA-125 is produced in response to mechanical stress or inflammation by different tissues derived from coelomic epithelium, such as the pericardium and pleura [10] . Based on the strong anatomical relation between the posterior left atrium and the pericardium [15] and the dominance of pulmonary vein triggers in early AF, the rise in CA-125 may be hypothesized to be a reflection of the interplay between atrium and pericardium. Lastly, as CA-125 is shown to correlate with pleural effusion [16] , it may be hypothesized that the paroxysms of AF have led to -transient -pleural effusion with an associated rise in CA-125.Univariable regression analysis revealed that several pathophysiological processes may be active in patients with early forms of AF, such as angiogenesis (CTSL1 [17] , ESM1 [18] ), endothelial dysfunction (ESM1 [18] , SCF [19] ), cellular stress (HSP27 [20] ), cardiac remodelling (CTSL1 [20] ), cardiac remodelling (CTSL1 [21] ) and activation of the coagulation system (GAL [22] , PAR1 [23] , and CD40L [24] ). The markers of a hypercoagulable state are in line withprevious reports of a prothrombotic state veryearly in the pathogenesis of AF [25, 26] . Clearly, a much larger patient sample would be needed to verify any of these interactions which did not uphold during multivariable testing.
FGF-23 has been found to be associated with incident and prevalent AF in population studies [3, [27] [28] [29] . We could not replicate this association despite shared methodology [3] . FGF-23 levels are clearly influenced by blood pressure, left ventricular mass, cardiovascular disease in general, and chronic kidney disease [30] [31] [32] [33] . As patients with these conditions were excluded from the present analysis, we may conclude that FGF-23 is a marker of advanced vascular disease, while the markers found in this study are associated with very early AF without the effects of confounding vascular disease.
The current categorization of AF in paroxysmal, (long-standing) persistent or permanent may in the long run fall short to adequately describe distinct patient groups [34] . Biomarkers, be it those found in blood or through the use of imaging, could help determine and distinguish between different forms of AF. The results from the present study suggest that, when reporting on biomarkers in AF, underlying processes -such as the presence of other forms of cardiovascular disease -that lead to the creation of a substrate for AF should be taken into account.
Strengths,limitations and clinical implications
The major strength of this study lies in the selection of patients without concomitant vascular disease and blood sampling during lowest prevalence in patients with none of the markers in the highest tertile (18.9%; p=0.005). Unadjusted box-plots of 9 biomarkers that were found to be significantly different between patients without overt cardiovascular disease, with and without atrial fibrillation. Shown are mean and standard deviations. ** indicates p<0.01, * indicates p<0.05. CA-125=Cancer Antigen 125; CD40L=CD40 ligand; CTSL1=Cathepsin L1 ; ESM1=Endothelial cell□specific molecule 1; GAL=Galanin peptides; HSP27=Heat shock 27 kDa protein; iAF=idiopathic atrial fibrillation, NPX=normalized protein expression, NT-proBNP=N□terminal pro□B□type natriuretic peptide; PAR1=Proteinase-activated receptor 1; SCF=Stem cell factor; SR=sinus rhythm.
Discussion
From this study, it can be concluded that even in a healthy population without cardiovascular disease, the levels of NT-proBNP and CA-125 are associated with AF. Results from this study furthermore show that the levels of CTSL1, ESM1, HSP27, GAL, PAR1, SCF and CD40L may contain additional information on the presence of a history of AF.
Multivariable analysis showed that two markers are independently associated with the presence of a history of AF: NT-proBNP and CA-125. NT-proBNP has been recognized as a marker of incident AF in population studies, on top of risk scores based on the presence of cardiovascular disease [8, 9] . The data from this cohort confirm that Percentages of patients with idiopathic atrial fibrillation (iAF) in tertiles of CA-125 and NT-proBNP levels. SR=Sinus Rhythm sinus rhythm, which enabled us to identify and gain further insight into markers associated with the presence of AF, rather than markers of the vascular conditions that usually accompany AF [35] . However, the study population of this exploratory study is relatively small and highly selected, necessitating confirmation in larger study populations. Next to more insight in the pathophysiology of early AF without concomitant vascular disease, this study should be seen as a means to support investigating the use of NT-proBNP and CA-125 in screening programs for AF incorporating biomarkers [36] , which should be tested prospectively.
Conclusion
This study confirms the association between levels of NTproBNP and a diagnosis of paroxysmal AF even in patients without concomitant cardiovascular conditions, suggesting that NT-proBNP is released by the atria and remains elevated even in the absence of an on-going arrhythmia episode. Furthermore, this data suggests that CA-125 could be a novel marker of the occurrence of (paroxysms of ) AF in patients without structural heart disease. Finally, in conjunction with published analyses, our data suggest that elevated FGF-23 levels may be a marker for AF in patients with concomitant cardiovascular disease.
